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$EVWUDFW± '& ZLQGLQJ LQGXFHG YROWDJH SXOVDWLRQ LQ WKH
ZRXQG ILHOG V\QFKURQRXV PDFKLQHV :)60V ZLOO FDXVH '&
ZLQGLQJ FXUUHQW ULSSOH FKDOOHQJH WKH '& SRZHU VXSSO\ DQG
GHWHULRUDWH WKH FRQWURO SHUIRUPDQFH HVSHFLDOO\ DW KLJK VSHHG
,Q WKLV SDSHU WKH LQIOXHQFH RI '& ZLQGLQJ FRQILJXUDWLRQ
LQFOXGLQJWKH'&FRLOQXPEHUDQGWKHSDUDOOHOEUDQFKQXPEHU
RQ LWV LQGXFHG YROWDJH SXOVDWLRQ LV LQYHVWLJDWHG IRU :)60V
%DVHG RQ WKH PRGHOOLQJ RI ERWK RSHQFLUFXLW DQG RQORDG '&
ZLQGLQJ LQGXFHG YROWDJHV WKH SUHIHUUHG '& ZLQGLQJ
FRQILJXUDWLRQV IRU :)60V KDYLQJ YDULRXV VWDWRU  URWRU SROH
QXPEHU FRPELQDWLRQV ZLWK GRXEOH OD\HU RU VLQJOH OD\HU $&
ZLQGLQJV DUH REWDLQHG DQG YDOLGDWHG E\ ILQLWH HOHPHQW )(





'& ZLQGLQJ LQGXFHG YROWDJH '& ZLQGLQJ SDUDOOHO EUDQFK




IRUYDULRXV DSSOLFDWLRQVGXH WR WKHKLJK WRUTXH  SRZHU





LQ WKH URWRU EXW $& ZLQGLQJV LQ WKH VWDWRU VXIIHU IURP
EUXVKHV DQG VOLS ULQJV >@ ZKLFK FDQ EH HOLPLQDWHG LQ WKH
ZRXQGVWDWRU PDFKLQHV >@>@ ,Q ZRXQGVWDWRU PDFKLQHV
ERWK WKH '& ZLQGLQJ DQG $& ZLQGLQJV DUH SODFHG LQ WKH
VWDWRUZKLOVWWKHVDOLHQWURWRULVVLPSOHZLWKRXWDQ\'&FRLO
RU $& FRLO VLPLODU WR WKDW RI WKH VZLWFKHG UHOXFWDQFH
PDFKLQHV>@>@
:RXQG ILHOG VZLWFKHG IOX[ PDFKLQH >@>@ LV D W\SLFDO
W\SHRIZRXQGVWDWRUPDFKLQH:KHQWKHVDOLHQWSROHURWRULV
URWDWLQJWRJHWKHUZLWKWKHVWDWRU'&ILHOGH[FLWDWLRQELSRODU
IOX[OLQNDJH DQG KHQFH EDFN(0) FDQ EH JHQHUDWHG LQ WKH
$& FRLOV DQG KHQFH $& ZLQGLQJV 7KHUHIRUH WKH
HOHFWURPDJQHWLFWRUTXHFDQEHSURGXFHGE\LQMHFWLQJELSRODU
FXUUHQWV LQWR $& ZLQGLQJV >@ :RXQG ILHOG VZLWFKHG IOX[
PDFKLQHV IRU DXWRPRWLYH SURSXOVLRQ DQG WUDFWLRQ
DSSOLFDWLRQV DUH DQDO\]HG LQ >@>@ 7KH H[SHULPHQWDO
UHVXOWV VKRZ WKDW WKH ZRXQG ILHOG VZLWFKHG IOX[ PDFKLQHV
FDQ SURGXFH VLPLODU WRUTXH DQG SRZHU GHQVLW\ DV WKH 30
PDFKLQHVEXWFRVWOHVV

0DQXVFULSW UHFHLYHG 'HFHPEHU   UHYLVHG 0DUFK   DQG
0D\   DFFHSWHG -XQH   3DSHU QR 7(&
&RUUHVSRQGLQJ$XWKRU=4=KX
==:X=4=KXDQG&:DQJDUHZLWKWKH(OHFWULFDO0DFKLQHVDQG
'ULYHV *URXS 8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG 8.
ZX]KRQJ]H#JPDLOFRP ]T]KX#VKHIILHOGDFXN
FZDQJ#VKHIILHOGDFXN
- & 0LSR 6 3HUVRQQD] DQG 3 )DUDK DUH ZLWK 9DOHR 3RZHUWUDLQ




ZLQGLQJ DQG $& ZLQGLQJV LQ WKH FRQYHQWLRQDO ZRXQG ILHOG
VZLWFKHGIOX[PDFKLQHVDQDO\]HGLQ>@DUHVHSDUDWHO\SODFHG
LQ WZR VWDWRUV WR IRUP WKH SDUWLWLRQHG VWDWRU ZRXQG ILHOG
V\QFKURQRXV PDFKLQH 36:)60 >@ $V VKRZQ LQ )LJ
D IRU WKH SROH36:)60 KDYLQJ GRXEOHOD\HU $&
ZLQGLQJVWKH36:)60KDVWZRVWDWRUVLHWKHRXWHUVWDWRU
DQGWKHLQQHUVWDWRUZRXQGE\$&ZLQGLQJVDQG'&ZLQGLQJ
UHVSHFWLYHO\ DQG RQH URWRU FRQVLVWLQJ RI VHYHUDO URWRU LURQ
SLHFHV 6LPLODU WR WKH FRQYHQWLRQDO ZRXQG ILHOG VZLWFKHG
IOX[ PDFKLQH KDYLQJ VLQJOH VWDWRU >@ WKH HOHFWURPDJQHWLF
WRUTXHFDQEHSURGXFHGE\LQMHFWLQJELSRODUFXUUHQWVDQG'&
FXUUHQWVLQWRWKH$&ZLQGLQJVDQG'&ZLQGLQJUHVSHFWLYHO\
$VDQDO\]HG LQ >@ WKH36:)60FDQSURGXFHPRUH WKDQ
 KLJKHU WRUTXH WKDQ LWV VLQJOH VWDWRU FRXQWHUSDUW ZLWK
VDPH VL]H GXH WR KLJKHU XWLOL]DWLRQ RI WKH PDFKLQH LQQHU
VSDFH
$OWKRXJK WKH :)60V KDYH EHHQ UHVHDUFKHG IRU PDQ\
\HDUVKRZHYHU WKH'&ZLQGLQJFRQILJXUDWLRQKDVQRWEHHQ
ZHOOLQYHVWLJDWHG7KH'&ZLQGLQJFRQILJXUDWLRQFRQVLVWVRI
WZR DVSHFWV LH WKH '& FRLO QXPEHU 1Z DQG WKH SDUDOOHO
EUDQFK QXPEHU E 1RUPDOO\ WKH '& FRLO QXPEHU 1Z LV
FRQILJXUHG HTXDO WR WKH VWDWRU SROH QXPEHU 1V LH 1Z 1V
+RZHYHU DV PHQWLRQHG LQ >@ LW ZDV ZHOO UHFRJQL]HG WKDW
WKH'&FRLOQXPEHU1Z FDQDOVREHGHVLJQHGDV KDOIRI WKH
VWDWRUSROHQXPEHU1V LH1Z 1VIURPWKHSHUVSHFWLYHRI
WKH VDPH PDJQHWLF ILHOG DQG KHQFH HOHFWURPDJQHWLF WRUTXH
ZKHQ WKH HQGHIIHFW DQG HQG ZLQGLQJ DUH QHJOHFWHG
0HDQZKLOH WKH '& FRLO QXPEHU RI WXUQV 1F LV GRXEOHG DV
1FWRIRUPWKHVDPHZRXQGILHOG00)SHUSROH)ZZLWKWKH
VDPH '& ZLQGLQJ FXUUHQW ,Z DQG WKH VDPH '& FRLO VORW
SDFNLQJ IDFWRU NSI $V IRU WKH SDUDOOHO EUDQFK QXPEHU E
WKHRUHWLFDOO\ LWZDVDVVXPHG WREHIUHH WRGHVLJQDV ORQJDV
WKH VDPH ZRXQG ILHOG 00) SHU SROH )Z REWDLQHG ,Q WKLV
SDSHU LW ZLOO EH VKRZQ WKDW WKH '& ZLQGLQJ FRQILJXUDWLRQ
GHVLJQ LQ :)60V LV UHVWULFWHG GXH WR WKH '& ZLQGLQJ
LQGXFHGYROWDJHSXOVDWLRQ
'& ZLQGLQJ LQGXFHG YROWDJH SXOVDWLRQ LV GXH WR WKH
YDULDWLRQRIWKH'&ZLQGLQJIOX[OLQNDJHZKLFKLVFDXVHGE\
ERWK WKH VHOILQGXFWDQFH RI '& ZLQGLQJ DQG WKH PXWXDO
LQGXFWDQFHEHWZHHQ$&DQG'&ZLQGLQJVDVDQDO\]HGLQ>@
IRU WKH VLQJOH SKDVH :)60 '& ZLQGLQJ LQGXFHG YROWDJH
ZLOOFDXVHWKH'&ZLQGLQJFXUUHQWULSSOH>@>@FKDOOHQJH
WKH '& SRZHU VXSSO\ DQG GHWHULRUDWH WKH FRQWURO
SHUIRUPDQFHHVSHFLDOO\DWKLJKVSHHG7KHDLPRIWKLVSDSHU
LV WR SURYLGH WKH IHDVLEOH DQG SUHIHUUHG '& ZLQGLQJ
FRQILJXUDWLRQVIRU:)60VKDYLQJYDULRXV1V1UVWDWRUURWRU
SROH FRPELQDWLRQV ZLWK GRXEOH OD\HU RU VLQJOH OD\HU $&
ZLQGLQJVIRUDFKLHYLQJDVPDOO'&ZLQGLQJLQGXFHGYROWDJH
7KLV SDSHU LV RUJDQL]HG DV IROORZV ,Q VHFWLRQ ,, WKH
LQIOXHQFH RI '& ZLQGLQJ FRQILJXUDWLRQ RQ LWV UHVLVWDQFH
YROWDJHGURSLVDQDO\]HGZKLOVWWKRVHRQLWVRSHQFLUFXLWDQG
RQORDG LQGXFHG YROWDJHV DUH PRGHOOHG DQG LQYHVWLJDWHG LQ
VHFWLRQV ,,, DQG ,9 UHVSHFWLYHO\ $QDO\WLFDO DQDO\VLV LV
YDOLGDWHGE\ ILQLWHHOHPHQW )( VLPXODWLRQ LQ VHFWLRQ9$
36:)60SURWRW\SH LVEXLOW DQG WHVWHG WRYDOLGDWHERWK WKH












:KHQ WKH HQG ZLQGLQJ LV QHJOHFWHG WKH '& ZLQGLQJ
UHVLVWDQFH5ZFDQEHJLYHQE\ܴ௪ ൌ  ?ܰ ௪ߩ݈௦ ௖ܰଶܾଶܣ௦݇௣௙  
ZKHUH1Z LV WKH'&FRLOQXPEHUȡ LV WKHFRSSHU UHVLVWDQFH
UDWLROVLVWKHVWDFNOHQJWK1FLVWKH'&FRLOQXPEHURIWXUQV
E LV WKHSDUDOOHOEUDQFKQXPEHU$V LV WKH'&FRLOVORWDUHD
NSILVWKH'&FRLOVORWSDFNLQJIDFWRU
)URP WKH SHUVSHFWLYH RI HOHFWULF FLUFXLW EDVHG RQ WKH
2KP
V ODZWKH'&ZLQGLQJUHVLVWDQFHYROWDJHGURS8ZDQG
WKH'&ZLQGLQJFXUUHQW,ZPDWFKܷ௪ ൌ ܫ௪ܴ௪ )URPWKHSHUVSHFWLYHRIPDJQHWLFFLUFXLWWKHZRXQGILHOG
00)SHUSROH)ZFDQEHH[SUHVVHGDVܨ௪ ൌ ܫ௪ ௖ܰܰ௪ܾ ௦ܰ  ZKHUH1VLVWKHVWDWRUSROHQXPEHU
%DVHG RQ  ZLWK WKH '& ZLQGLQJ FXUUHQW ,Z
HOLPLQDWHG WKH'&ZLQGLQJ UHVLVWDQFHYROWDJHGURS8Z FDQ
EHUHZULWWHQDVܷ௪ ൌ  ?ߩ݈௦ ௦ܰ݇௣௙ ൈ ܨ௪ ൈ ௖ܰܣ௦ܾ 
%DVHGRQ  LW FDQEH IRXQG WKDW WKH'&SRZHU VXSSO\






ZRXQG ILHOG 00) SHU SROH )Z ZLWK WKH VDPH '& ZLQGLQJ
FXUUHQW ,Z DQG WKH VDPH '& FRLO VORW SDFNLQJ IDFWRU NSI
7KHUHIRUH DV VKRZQ LQ  WKH '& ZLQGLQJ UHVLVWDQFH
YROWDJHGURS8Z LV WKH VDPH LQ WKH:)60KDYLQJ1Z 1V
DQG1Z 1V
+HUH DFFRUGLQJ WR  LW LV ZRUWK QRWLQJ WKDW WKH '&
ZLQGLQJ FRSSHU ORVV SZ LV DOVR WKH VDPH ZLWK GLIIHUHQW 1Z
ZKHQ )Z UHPDLQV XQFKDQJHG VLQFH $V1Z LV WKH VDPH
&RQVHTXHQWO\ WKH HOHFWURPDJQHWLF SHUIRUPDQFH LQFOXGLQJ
HOHFWURPDJQHWLF WRUTXH WKH ORVV DQGHIILFLHQF\ LV WKH VDPH







,Q WKLV VHFWLRQ WKH RSHQFLUFXLW '& ZLQGLQJ LQGXFHG
YROWDJH ZLOO EH DQDO\WLFDOO\ PRGHOOHG WR LQYHVWLJDWH WKH
LQIOXHQFH RI '& ZLQGLQJ FRQILJXUDWLRQ LQFOXGLQJ WKH
KDUPRQLFVRUGHUVKDUPRQLFVDPSOLWXGHVDQG WKHUDWLRRI LWV
SHDNWRSHDN YDOXH WR WKH '& ZLQGLQJ UHVLVWDQFH YROWDJH
GURS8ZDVJLYHQDVIROORZV
$VGHULYHG LQ$SSHQGL[$ WKHRSHQFLUFXLW'&ZLQGLQJ
LQGXFHGYROWDJHYRSHQFDQEHJLYHQDVݒ௢௣௘௡ሺߠ௘ሻ ൌ ෍ ܣ௢௣௘௡௝ ൫݆ߠ௘ ൅ ߛ௢௣௘௡௝൯௝ୀ௠௅஼ெሺேೢǡேೝሻேೝ  ZKHUH /&0 LV WKH OHDVW FRPPRQ PXOWLSOLHU DQG P «
$RSHQM DQGȖRSHQM DUH WKHFRUUHVSRQGLQJDPSOLWXGHVDQG LQLWLDO
SKDVHVIRUWKHYRSHQMWKKDUPRQLFLQ$LQ$SSHQGL[$LHܣ௢௣௘௡௝ ൌ ܰ௪ ௖ܰܯ௝ߗܾ  DQG ߛ௢௣௘௡௝ ൌ ݆ߨ ௥ܰܰ௪ ൅ ߙ௝ െ ݆ߨ ௥ܰ +HUH 1F0Mȍ DQG ĮM DUH WKH DPSOLWXGH DQG LQLWLDO SKDVH IRU
WKH MWK KDUPRQLFRI WKHRSHQFLUFXLW LQGXFHG YROWDJH IRU WKH
'&FRLO:UHVSHFWLYHO\șHLVWKHURWRUHOHFWULFSRVLWLRQ0M
LV WKH MWK DPSOLWXGH RI WKH RSHQFLUFXLW LQGXFHG YROWDJH IRU
HDFKWXUQLQWKH'&FRLOSHUURWRUPHFKDQLFDOVSHHGXQLW,WLV
ZRUWKQRWLQJWKDW0MDQGĮMDUHWKHVDPHLQDFHUWDLQ:)60
ZLWK VDPH PDJQHWLF ILHOG KDYLQJ GLIIHUHQW '& ZLQGLQJ
FRQILJXUDWLRQV ȍ LV WKH URWRU PHFKDQLFDO VSHHG 1U LV WKH
URWRUSROHQXPEHU
7R FRPSDUDWLYHO\ HYDOXDWH WKH FKDOOHQJH RI RSHQFLUFXLW
'& ZLQGLQJ LQGXFHG YROWDJH RQ WKH '& SRZHU VXSSO\ DQG
FRQWURO SHUIRUPDQFH GHWHULRUDWLRQ WKH RSHQFLUFXLW '&
ZLQGLQJLQGXFHGYROWDJHUDWLR,95RSHQLVLQWURGXFHGZKLFKLV
GHILQHG DV WKH UDWLR RI WKH SHDNWRSHDN YDOXH RI WKH RSHQ
FLUFXLW'&ZLQGLQJLQGXFHGYROWDJH(SSRSHQLQWR8ZLQܫܸܴ௢௣௘௡ ൌ ܧ௣௣௢௣௘௡ܷ௪ ൌ ൫ݒ௢௣௘௡൯ െ ൫ݒ௢௣௘௡൯ܷ௪ൌ  ۏێێ
ۍ ෍ ܴ݅݌݌௢௣௘௡௝ ൫݆ߠ௘ ൅ ߛ௝൯௝ୀ௠௅஼ெሺேೢǡேೝሻேೝ ےۑۑ
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ZKHUH 5LSSRSHQM LV WKH MWK ULSSOH RI RSHQFLUFXLW '& ZLQGLQJ
LQGXFHGYROWDJH ZKLFK LVGHILQHGDV WKH MWKDPSOLWXGH$RSHQM
 
LQWRWKH'&ZLQGLQJUHVLVWDQFHYROWDJHGURS8ZLQܴ݅݌݌௢௣௘௡௝ ൌ ܣ௢௣௘௡௝ܷ௪ ൌ ܯ௝ ? ൈ ݇௣௙ߩ݈௦ ௦ܰ ൈ  ?ܨ௪ ൈ ߗ ൈ ܣ௦ܰ௪ 
$ ,QIOXHQFHRI'&&RLO1XPEHU1Z
:KHQ/&01V1U/&01V1UDVVKRZQLQ$LQ
$SSHQGL[ $ YRSHQ KDUPRQLF FRQWHQW LV GLIIHUHQW IRU 1Z 1V
DQG 1Z 1V YRSHQ KDUPRQLF RUGHUV LQ WKH :)60 KDYLQJ
1Z 1VDUHP/&01V1U1UZKLOVW WKRVHLQ36:)60
KDYLQJ 1Z 1V DUH P/&01V 1U1U $V VKRZQ LQ 
VLQFH $V1Z LV WKH VDPH LQ WKH :)60 KDYLQJ 1Z 1V DQG
1Z 1V5LSSRSHQMLVWKHVDPHIRUWKHVDPHKDUPRQLFRUGHUV
LH P/&01V 1U1U +RZHYHU WKH 36:)60 KDYLQJ
1Z 1V DOVR VXIIHUV IURP YRSHQ KDUPRQLFV ZLWK P
/&01V 1U1USROHSDLU 7KHUHIRUH LW KDV D ODUJHU
,95RSHQ 7KLV PHDQV YRSHQ LQ WKH :)60 KDYLQJ 1Z 1V
FKDOOHQJHV WKH '& SRZHU VXSSO\ PRUH DQG GHWHULRUDWHV WKH
FRQWURO SHUIRUPDQFH PRUH HVSHFLDOO\ DW KLJK URWRU
PHFKDQLFDO VSHHG VLQFH 5LSSRSHQM DQG KHQFH ,95RSHQ DUH
SURSRUWLRQDO WR WKH URWRU PHFKDQLFDO VSHHG ȍ DV VKRZQ LQ
ZKLOVW8ZLVQRWUHOHYDQWWRȍ




 DUH DOVR WKH VDPH VLQFH WKH '& ZLQGLQJ UHVLVWDQFH
YROWDJH GURS 8Z LV WKH VDPH IRU 36:)60 KDYLQJ 1Z 1V
DQG 1Z 1V DV VKRZQ LQ  7KLV PHDQV WKHUH LV QR
LQIOXHQFHIRUWKH'&FRLOQXPEHU1ZRQWKHRSHQFLUFXLW'&
ZLQGLQJ LQGXFHG YROWDJH YRSHQ LQ WKLV W\SH RI :)60V HJ
VRPH 1U 1V f  PDFKLQHV LQFOXGLQJ  DQG 
VWDWRUURWRUSROH36:)60V
% ,QIOXHQFHRI3DUDOOHO%UDQFK1XPEHUE
'XHWRWKH'&FRLO LQGXFHGYROWDJHV LW LV IRXQG WKDW WKH
SDUDOOHO EUDQFK QXPEHU E LV QRW IUHH WR GHVLJQ ,I WKH '&
FRLOV FRQQHFWHG LQ SDUDOOHO KDYH GLIIHUHQW RSHQFLUFXLW
LQGXFHGYROWDJHVFLUFXODWLQJ FXUUHQWZLOOEH\LHOGHGDPRQJ
WKHP7KHFLUFXODWLQJFXUUHQWZLOOLQFUHDVHWKHFRSSHUORVVE\
LQWHUDFWLQJ ZLWK WKH FRLO UHVLVWDQFH DQG WKH PDFKLQH
HIILFLHQF\ ZLOO EH UHGXFHG 7KHUHIRUH WKH '& FRLOV
FRQQHFWHG LQ SDUDOOHO VKRXOG KDYH H[DFWO\ WKH VDPH RSHQ
FLUFXLWLQGXFHGYROWDJH
$V VKRZQ LQ $ LQ $SSHQGL[ $YNBRSHQ YN¶BRSHQ NDQG
N¶ «1Z ZKHQ ȕN ȕN¶Pʌ P « LH WKH
GLIIHUHQFHǻNPDWFKHV߂݇ ൌ ܮܥܯሺܰ௪ ǡ ௥ܰሻ௥ܰ  $VVKRZQLQ'&FRLOV:NDQG:NǻNKDYHWKHVDPH
RSHQFLUFXLW LQGXFHG YROWDJH LH WKH\ FDQ EH FRQQHFWHG LQ
SDUDOOHOZLWKRXWFLUFXODWLQJFXUUHQW7KHUHIRUHWKHPD[LPXP
SDUDOOHOEUDQFKQXPEHUEPD[FDQEHDFKLHYHGDVܾ௠௔௫ ൌ ௥ܰ߂݇ ൌ ܰ௪ ௥ܰܮܥܯሺܰ௪ ǡ ௥ܰሻ ,WVKRXOGEHQRWHGWKDWEVKRXOGEHGHVLJQHGDVDGLYLVRU
RIEPD[WRDFKLHYHDV\PPHWULFDOPDJQHWLFILHOG6SHFLILFDOO\
ZKHQE EPD[ WKHRSHQFLUFXLW '& ZLQGLQJ LQGXFHG YROWDJH
YRSHQ ZLOO EH WKH PLQLPXP %DVHG RQ  DQG  WKH
PLQLPXPDYDLODEOH'&ZLQGLQJLQGXFHGYROWDJHYRSHQPLQLVݒ௢௣௘௡௠௜௡ሺߠ௘ሻൌ ܮܥܯሺܰ௪ ǡ ௥ܰሻܰ௪ ௥ܰ ෍ ܣ௢௣௘௡௝ ൫݆ߠ௘ ൅ ߛ௝൯௝ୀ௠௅஼ெሺேೢǡேೝሻேೝ  
+RZHYHU DV VKRZQ LQ  8Z LV DOVR LQYHUVHO\
SURSRUWLRQDO WR E &RQVHTXHQWO\ DV VKRZQ LQ  DQG 
5LSSRSHQMDQGKHQFH,95RSHQLVQRWUHOHYDQWWRE7KHUHIRUHE\
FKDQJLQJ WKH SDUDOOHO EUDQFK QXPEHU E WR DQRWKHU IHDVLEOH
YDOXHWKHFRQWUROSHUIRUPDQFHZLOOUHPDLQWKHVDPH
,9 21/2$''&:,1',1*,1'8&('92/7$*(
8QGHU RQORDG FRQGLWLRQ WKH '& ZLQGLQJ IOX[OLQNDJH
DQG KHQFH WKH LQGXFHG YROWDJH FRQVLVWV RI WZR SDUWV LH
RSHQFLUFXLWRQHDQGDUPDWXUHUHDFWLRQRQH7KHODWWHURQHLV
GXH WR WKH LQWHUDFWLRQEHWZHHQ$&FXUUHQWVDQG WKHPXWXDO
LQGXFWDQFH EHWZHHQ WKH $& ZLQGLQJV DQG WKH '& ZLQGLQJ
>@ >@7KHRQORDG'& ZLQGLQJ LQGXFHGYROWDJHYORDG FDQ
EHH[SUHVVHGDVݒ௟௢௔ௗ ൌ ݒ௢௣௘௡ ൅ ݒ௔௥௠௔ 
ZKHUH YDUPD LV WKH '& ZLQGLQJ LQGXFHG YROWDJH FDXVHG E\
DUPDWXUHUHDFWLRQ
$FFRUGLQJ WR WKH GHULYDWLRQ LQ $SSHQGL[ % WKH '&
ZLQGLQJ YROWDJH LQGXFHG E\ DUPDWXUH UHDFWLRQ YDUPD FDQ EH
UHZULWWHQDVݒ௔௥௠௔ሺߠ௘ሻ ൌ  ?ܫଵܰ௪ ௖ܰ ௥ܰߗ ?ܾ ෍ ௝݇ܯ௝ஶ௝ୀଵൈ ቐെሺ݆ െ  ?ሻ ൣሺ݆ െ  ?ሻߠ௘ ൅ ߜ௝ െ ߪଵ൧ ǡ ݂݋ݎ݆ ൌ  ?ǡ ?ǡ ? ǥെሺ݆ ൅  ?ሻ ൣሺ݆ ൅  ?ሻߠ௘ ൅ ߜ௝ ൅ ߪଵ൧ ǡ ݂݋ݎ݆ ൌ  ?ǡ ?ǡ ?ǥ ?ǡ ݂݋ݎ݆ ൌ  ?ǡ ?ǡ ?ǥ 

ZKHUH , LV WKH SKDVH FXUUHQW IXQGDPHQWDO DPSOLWXGH NM0M




YRSHQ LQ  DQG YDUPD LQ  $V VKRZQ LQ  DUPDWXUH
UHDFWLRQ JHQHUDWHV PWK P « ȥDUPD KDUPRQLFV DQG
KHQFH LQGXFHG YROWDJH KDUPRQLFV LQ WKH '& ZLQGLQJ
+RZHYHUZKHQWKHZLQGLQJIDFWRUVRIHYHQRUGHUKDUPRQLFV
DUH ]HUR WKH\ DUH PWK P « 0RUHRYHU WKH
LQIOXHQFHVRI1ZDQGERQYDUPDDQGYORDGDUHVLPLODUWRWKRVH
RQWKHRSHQFLUFXLWRQH
,Q VRPH 36:)60V WKH KDUPRQLF RUGHUV RI WKH RSHQ
FLUFXLW DQG DUPDWXUH UHDFWLRQ LQGXFHG '& ZLQGLQJ YROWDJH
DUHVDPHHJPWKP «IRUERWKWKHRSHQFLUFXLW'&
ZLQGLQJLQGXFHGYROWDJHYRSHQDQGWKHDUPDWXUHUHDFWLRQ'&
ZLQGLQJ LQGXFHGYROWDJHYDUPD LQ WKHSROH36:)60
ZLWKGRXEOH OD\HU$&ZLQGLQJV7KHUHIRUH WKHRQORDG'&
ZLQGLQJ LQGXFHG YROWDJH YORDG LV DOVR ZLWK PWK KDUPRQLFV
+RZHYHUKDUPRQLFRUGHUVRIYRSHQDQGYDUPDPD\EHGLIIHUHQW
LQVRPHRWKHU36:)60VHJPWKDQGPWK P «





7R YHULI\ WKH DQDO\WLFDO DQDO\VLV LQ WKH SUHYLRXV WZR
VHFWLRQV IRXU W\SLFDO 36:)60V DUH DQDO\]HG E\ )(
DQDO\VLV LQ WKLV VHFWLRQ)LUVWO\ WRHYDOXDWH WKH LQIOXHQFHRI
WKH '& ZLQGLQJ FRQILJXUDWLRQ RQ WKH RSHQFLUFXLW '&
ZLQGLQJLQGXFHGYROWDJHYRSHQWZR36:)60VDUHDQDO\]HG
ZLWK /&01V 1U/&01V 1U DQG /&01V
1U /&01V 1U UHVSHFWLYHO\ LH  DQG SROH
36:)60V ZLWK GRXEOH OD\HU $& ZLQGLQJV VKRZQ LQ )LJ
D DQG)LJ E7KHQ WR FRPSDUDWLYHO\ HYDOXDWH WKHRQ
ORDG '& ZLQGLQJ LQGXFHG YROWDJH YORDG LQ 36:)60V ZLWK
 
ZLQGLQJ IDFWRUV RI HYHQ RUGHU KDUPRQLFV NP  DQG NP
WKH SROH 36:)60V ZLWK VLQJOH OD\HU $& ZLQGLQJV
VKRZQ LQ )LJ F LQ ZKLFK NP LV DQDO\]HG $OVR WKH
SROH 36:)60 ZLWK GRXEOH OD\HU $& ZLQGLQJV LV
DQDO\]HG WR LQYHVWLJDWH WKH LQIOXHQFH RI WKH UHODWLRQVKLS






(YDOXDWLRQ '/ '/ 6/ '/
/&01V1U /&01V1U" 1R <HV 1R 1R
NP " <HV 1R 1R <HV
YRSHQDQGYDUPDKDYHVDPHKDUPRQLFVRUGHUV" <HV <HV 1R 1R
$ 0DFKLQH2SWLPL]DWLRQDQG3HUIRUPDQFH
7KH GLPHQVLRQDO SDUDPHWHUV RI WKHVH DQDO\]HG 36
:)60VDUHOLVWHGLQ7$%/(,,ZKLFKFDQEHUHIHUUHGLQ)LJ
,Q7$%/(,,WKHXSSHUSDUDPHWHUVIURPOVWROLWEDUHWKH
VDPH IRU DOO PDFKLQHV IRU D IDLU FRPSDULVRQ +RZHYHU WKH
ORZHU  SDUDPHWHUV IURP 5RV\ WR șLW LQ 7$%/( ,, DUH
REWDLQHGE\ WKH JOREDO RSWLPL]DWLRQ)RU HDFK PDFKLQH WKH
REMHFWLYH RI WKH RSWLPL]DWLRQ LV WKH VDPH LH WKH ODUJHVW
DYHUDJH HOHFWURPDJQHWLF WRUTXH ZKLOVW WKH FRQVWUDLQ LV WKDW
WKH WRWDO FRSSHU ORVV SFX : $V DQDO\]HG LQ >@ WKH
DYHUDJH HOHFWURPDJQHWLF WRUTXH ZLOO DFKLHYH WKH KLJKHVW
YDOXH ZKHQ WKH $& ZLQGLQJ FRSSHU ORVV SFXD DQG WKH '&
ZLQGLQJ FRSSHU ORVV SFXZ DUH HTXDO 7KHUHIRUH WKH\ DUH




LQ WKH RSWLPL]DWLRQ $16<60D[ZHOO LV FKRVHQ DV WKH
RSWLPL]DWLRQ WRRO,W LVZRUWKQRWLQJ WKDWDOO WKHVHPDFKLQHV
RSHUDWH LQ EUXVKOHVV $& %/$& PRGHO >@ ZLWK ]HUR G
D[LV FXUUHQW FRQWURO LH LG  GXH WR QHJOLJLEOH UHOXFWDQFH
WRUTXH >@ $V IRU WKH SROH 36:)60 ZLWK VLQJOH
OD\HU $& ZLQGLQJV VKRZQ LQ )LJ G LW KDV WKH VDPH





,WHPV 8QLW   
6WDFNOHQJWKOV PP   
2XWHUUDGLXVRIRXWHUVWDWRU5RVR PP   
,QQHUUDGLXVRILQQHUVWDWRU5LVL PP   
/HQJWKRIRXWHULQQHUDLUJDSJRJL PP   
/HQJWKRIRXWHUVWDWRUWLSWRSORWW PP   
/HQJWKRIRXWHUVWDWRUWLSERWWRPORWE PP   
/HQJWKRILQQHUVWDWRUWLSWRSOLWW PP   
/HQJWKRILQQHUVWDWRUWLSERWWRPOLWE PP   
<RNHUDGLXVRIRXWHUVWDWRU5RV\ PP   
,QQHUUDGLXVRIRXWHUVWDWRU5RVL PP   
5DGLXVRIURWRULQQHUVXUIDFH5UL PP   
<RNHUDGLXVRILQQHUVWDWRU5LV\ PP   
$UFRIRXWHUVWDWRUWRRWKșRVW    
$UFRIRXWHUVWDWRUWLSșRW    
$UFRIURWRUSLHFHRXWHUHGJHșUR    
$UFRIURWRUSLHFHLQQHUHGJHșUL    
$UFRILQQHUVWDWRUWRRWKșLVW    
$UFRILQQHUVWDWRUWLSșLW    






HYHQ RUGHU KDUPRQLFV NP 7KLV OHDGV WR D KLJK






)LJ  &RPSDULVRQ RI WKH RSHQFLUFXLW $& ZLQGLQJV EDFN(0)V LQ IRXU
DQDO\]HG36:)60VDWUSPSFXI :1DEF 7KHRSHQFLUFXLW$&ZLQGLQJEDFN(0)VVKRZQLQ)LJ
DQG WKH HOHFWURPDJQHWLF WRUTXH VKRZQ LQ )LJ  DUH QRW
UHOHYDQW WR WKH '& ZLQGLQJ WRSRORJ\ LI WKH ZRXQG ILHOG
00) SHU SROH )Z LV IL[HG 7KH LQIOXHQFH RI '& ZLQGLQJ
FRQILJXUDWLRQ RQ LWV LQGXFHG YROWDJH LV LQYHVWLJDWHG DV
IROORZV ZLWK FRQVLGHUDWLRQ RI FRQGLWLRQV VXPPDUL]HG LQ
7$%/(,
)LJ  &RPSDULVRQ RI RQORDG HOHFWURPDJQHWLF WRUTXH ZDYHIRUPV LQ IRXU




:N ODJV 1U/&01Z 1U $V IRU WKH SROH 36
:)60ZLWKGRXEOHOD\HURUVLQJOHOD\HU$&ZLQGLQJVLQFH









































































PD[LPXPSDUDOOHO EUDQFK QXPEHUEPD[ IRU WKLV FDVH LV  ,I
1Z 1V  WKH RSHQFLUFXLW LQGXFHG YROWDJHV IRU '& FRLOV
:NN «DUHUHPRYHGIURP)LJZKLOVWWKRVHIRU








)LJ  2SHQFLUFXLW '& FRLOV LQGXFHG YROWDJHV DW USP 1Z 1V1F1Z SFXI :
D:DYHIRUPV
E6SHFWUD
)LJ  2SHQFLUFXLW '& ZLQGLQJ LQGXFHG YROWDJHV LQ WKH SROH 36
:)60ZLWKGRXEOHOD\HURUVLQJOHOD\HU$&ZLQGLQJDWUSPSFXI :1DEF $V IRU WKH LQIOXHQFH RI WKH '& FRLO QXPEHU 1Z RQ WKH
RSHQFLUFXLW'&ZLQGLQJLQGXFHGYROWDJHYRSHQLWLVDQDO\]HG
DV IROORZV $V VKRZQ LQ )LJ  DQG 7$%/( ,,, VLQFH
/&01V 1U/&01V 1U IRU WKH SROH 36:)60
ZLWK GRXEOH OD\HU RU VLQJOH OD\HU $& ZLQGLQJ WKH
FRXQWHUSDUW KDYLQJ 1Z 1V  VXIIHUV IURP PRUH YRSHQ
KDUPRQLFV DQG KHQFH D KLJKHU SHDNWRSHDN YDOXH (SSRSHQ
&RQVHTXHQWO\WKHRSHQFLUFXLW'&ZLQGLQJLQGXFHGYROWDJH
UDWLR,95RSHQLVDOVRKLJKHULQWKHFRXQWHUSDUWKDYLQJ1Z 1V
VLQFH WKH '& ZLQGLQJ UHVLVWDQFH YROWDJH GURS 8Z LV QRW
UHOHYDQW WR WKH '& FRLO QXPEHU 1Z 6LPLODU WUHQG FDQ EH
IRXQGIRUWKHSROH36:)60DVVKRZQLQ)LJDQG
7$%/( ,,, 7KLV PHDQV WKH RSHQFLUFXLW '& ZLQGLQJ
LQGXFHG YROWDJH YRSHQ LQ WKH FRXQWHUSDUW KDYLQJ 1Z 1V
FKDOOHQJHV WKH '& SRZHU VXSSO\ PRUH DQG GHWHULRUDWH WKH
FRQWURO SHUIRUPDQFH PRUH 7KLV LV FRQVLVWHQW ZLWK WKH
IRUHJRLQJ DQDO\WLFDO DQDO\VLV +RZHYHU DV VKRZQ LQ )LJ 
DQG 7$%/( ,,, VLQFH /&01V 1U /&01V 1U IRU WKH








)LJ  2SHQFLUFXLW '& ZLQGLQJ LQGXFHG YROWDJHV LQ WKH SROH 36
:)60VZLWKGRXEOHOD\HU$&ZLQGLQJDWUSPSFXI :1DEF $V IRU WKH LQIOXHQFH RI WKH SDUDOOHO EUDQFK QXPEHU E RQ
WKH RSHQFLUFXLW '& ZLQGLQJ LQGXFHG YROWDJH YRSHQ LW LV
DQDO\]HG DV IROORZV ,Q DOO WKHVH IRXU DQDO\]HG PDFKLQHV
VDPHZLWKWKHDQDO\WLFDOO\SUHGLFWHGUHVXOWV)(DQDO\VLVDOVR
VKRZV WKDW WKH RSHQFLUFXLW '& ZLQGLQJ LQGXFHG YROWDJH
YRSHQ DQG KHQFH WKH SHDNWRSHDN YDOXH (SSRSHQ DUH LQYHUVHO\
SURSRUWLRQDO WR WKH SDUDOOHO EUDQFK QXPEHU E DV VKRZQ LQ








































































'/1Z E  '/1Z E 



























































































QXPEHU E +RZHYHU VLQFH WKH '& ZLQGLQJ UHVLVWDQFH
YROWDJHGURS8ZLVDOVRLQYHUVHO\SURSRUWLRQDOWRWKHSDUDOOHO
EUDQFK QXPEHU E DV VKRZQ LQ  WKH RSHQFLUFXLW '&









     N    N
     N    N
SROHGRXEOH
OD\HU$&
     N    N
     N
SROH
GRXEOHOD\HU$&
     N





)LJ  2QORDG '& FRLO LQGXFHG YROWDJHV USP 1Z 1V 1F1Z 















36:)60 1Z E 8Z9 (SSORDG9 ,95ORDG +2 
SROH
GRXEOHOD\HU$&
     N    N
     N    N
SROHGRXEOH
OD\HU$&
     N    N
     N
SROHVLQJOH
OD\HU$&
     N    N
     N    N
SROH
GRXEOHOD\HU$&
     N




ZLWKGRXEOHOD\HU$&ZLQGLQJDWUSP1F1Z SFXD SFXI :
D:DYHIRUPV
E6SHFWUD
)LJ 2QORDG '&ZLQGLQJ LQGXFHGYROWDJHV LQ WKHSROH36:)60
ZLWKGRXEOHOD\HU$&ZLQGLQJDWUSP1F1Z SFXD SFXI :2QORDG '& ZLQGLQJ LQGXFHG YROWDJHV LQ WKH IRXU
DQDO\]HG 36:)60V ZLWK GLIIHUHQW '& ZLQGLQJ
FRQILJXUDWLRQVDUH VKRZQ LQ)LJ )LJRIZKLFK WKH































































































'/1Z E  '/1Z E 


























































7$%/( ,,, DQG 7$%/( ,9 LQ WKH SROH 36:)60
ZLWKGRXEOHOD\HU$&ZLQGLQJDQGSROH36:)60WKH
KDUPRQLF RUGHUV IRU WKH RQORDG DQG WKH RSHQFLUFXLW '&
ZLQGLQJ LQGXFHG YROWDJHV IRU YDULRXV '& FRLO QXPEHU 1Z
DQG SDUDOOHO EUDQFK QXPEHU E DUH WKH VDPH UHVSHFWLYHO\
+RZHYHU IRU WKH SROH 36:)60 KDYLQJ 1Z 1V 
DQGE  WKHKDUPRQLFVRUGHUV IRU WKHRQORDG'&ZLQGLQJ
LQGXFHG YROWDJH YORDG LV N N « ZKLOVW WKRVH IRU WKH
RSHQFLUFXLW'&ZLQGLQJLQGXFHGYROWDJHYRSHQLVN7KLVLV









ZLWKGRXEOHOD\HU$&ZLQGLQJDWUSP1F1Z SFXD SFXI :0RUHRYHU DV VKRZQ LQ 7$%/( ,9 DQG )LJ  IRU WKH
SROH36:)60ZLWKVLQJOHOD\HU$&ZLQGLQJKDYLQJ
1Z 1V  KDUPRQLF RUGHUV IRU WKH RQORDG '& ZLQGLQJ
LQGXFHGYROWDJHYORDGDUHNGLIIHUHQW IURPWKDWZLWKGRXEOH
OD\HU $& ZLQGLQJ LH N 7KH UHDVRQ LV WKDW WKH ZLQGLQJ
IDFWRUV RI HYHQ RUGHU KDUPRQLFV NP ZKLFK LV HYLGHQFHG
E\)LJ'XHWRPRUHKDUPRQLFV WKHRQORDG'&ZLQGLQJ
LQGXFHG YROWDJH YORDG LQ SROH 36:)60 ZLWK VLQJOH
OD\HU $& ZLQGLQJ DQG KHQFH WKH SHDNWRSHDN YDOXH (SSORDG
DQGWKHRQORDG'&ZLQGLQJLQGXFHGYROWDJHUDWLR,95ORDGDUH
KLJKHU WKDQ LWV FRXQWHUSDUW ZLWK GRXEOH OD\HU $& ZLQGLQJ
7KLVPHDQV WKHRQORDG'&ZLQGLQJ LQGXFHGYROWDJH LQ WKH
FRXQWHUSDUW ZLWK VLQJOH OD\HU $& ZLQGLQJ PD\ FDXVH
VLJQLILFDQW FKDOOHQJH IRU WKH '& SRZHU VXSSO\ DQG
GHWHULRUDWH WKH FRQWURO SHUIRUPDQFH 7KLV LV FRQVLVWHQW ZLWK
WKHIRUHJRLQJDQDO\WLFDODQDO\VLV
%\ FRPSDULQJ WKH RSHQFLUFXLW '& ZLQGLQJ LQGXFHG
YROWDJH YRSHQ DQG WKH RQORDG '& ZLQGLQJ LQGXFHG YROWDJH
YORDG LQ 7$%/( ,,, 7$%/( ,9 DQG )LJ   )LJ  WZR
FRQFOXVLRQV FDQ EH REWDLQHG )LUVWO\ 36:)60V IHDWXUH
QRQ]HUR ZLQGLQJ IDFWRUV IRU HYHQ RUGHU KDUPRQLFV LH
NP VXIIHU IURP D KLJKHU '& ZLQGLQJ LQGXFHG YROWDJH





1Z 1V DQGE  LVEXLOW DQG WHVWHGDV VKRZQ LQ)LJ7R
YDOLGDWH WKH )( SUHGLFWHG '& ZLQGLQJ LQGXFHG YROWDJHV
XQGHUFRQVWDQW'&FXUUHQWVWKHFXUUHQWVRXUFHLVXVHGDVWKH
SRZHUVXSSO\IRU'&ZLQGLQJ,WLVZRUWKQRWLQJWKDWLQWKH









5ORDG ȍ)LJ  0HDVXUHG RSHQFLUFXLW SKDVH $ EDFN(0) RSHQFLUFXLW DQG RQ
ORDG'&FRLOLQGXFHGYROWDJHVDWUSP


















6/1Z E  6/1Z E 



























































LQ )LJ  DJUHH ZHOO ZLWK WKH ' )( SUHGLFWHG YDOXHV LQ
ZKLFK WKH ODPLQDWLRQ VWDFNLQJ IDFWRU LV  7KLV WUHQG FDQ
DOVR EH REVHUYHG IURP )LJ  IRU WKH VWDWLF WRUTXHV ,W LV
ZRUWK QRWLQJ WKDW WKHSURWRW\SHRSHUDWHV LQ JHQHUDWRU PRGH
FRQQHFWHGZLWKWKUHHSKDVHV\PPHWULFDOSXUHUHVLVWDQFHORDG
5ORDG ȍIRU)LJE
,W LVZRUWKQRWLQJWKDWVLQFH WKHLPSDFWRI WKH'&SRZHU
VXSSO\RQWKHLQGXFHGYROWDJHFDQQRWEHVHSDUDWHG LW LVQRW








,D ,E ,F 7$%/(9
.(<63(&,),&$7,2162)7+(32/(36:)60352727<3(
(;3 (;3(5,0(17:,:2 :,7+:,7+287,521%5,'*(
,WHPV 8QLW ([S:L )(:L )(:R
5DWHGVSHHGȍU USP   
5DWHGWRUTXHZKHQSFX :7U 1P   
5DWHGSRZHUZKHQSFX :3U :   
5DWHGRSHQFLUFXLW$&ZLQGLQJ
SKDVHIXQGDPHQWDOEDFN(0)(SK 9   
5DWHGRSHQFLUFXLW'&ZLQGLQJ
LQGXFHGYROWDJHSHDNWRSHDN(SSRSHQ 9   
2QORDG'&ZLQGLQJLQGXFHGYROWDJH
SHDNWRSHDNZLWK5ORDG ȍ(SSORDG 9   
7KH WHVWHG NH\ VSHFLILFDWLRQV RI WKH SROH 36
:)60SURWRW\SHZLWKLURQEULGJHDQGWKRVHSUHGLFWHGE\
' )( DUH VKRZQ LQ 7$%/( 9 WRJHWKHU ZLWK WKRVH RI LWV
FRXQWHUSDUWZLWKRXWLURQEULGJHSUHGLFWHGE\')('XHWR
WKHLQWURGXFWLRQRIWKHLURQEULGJHDQGKHQFHWKHIOX[OHDNDJH
WKHRSHQFLUFXLW $& ZLQGLQJ SKDVH IXQGDPHQWDO EDFN(0)
(SK LV UHGXFHG E\  LH 9 DQG 9
UHVSHFWLYHO\ +RZHYHU GXH WR D PRUH VDWXUDWHG LURQ EULGJH







+EULGJH VKRZQ LQ )LJ F UHVSHFWLYHO\ 7DNH WKH UDWHG
RQORDGFRQGLWLRQRIWKHSROH36:)60KDYLQJVLQJOH
OD\HU $& ZLQGLQJ RI ZKLFK WKH UDWHG '& ZLQGLQJ FXUUHQW
,Z $DQGWKHFRUUHVSRQGLQJ'&UHVLVWDQFHYROWDJHGURS
















YROWDJH 9 UHTXLUHG '& VRXUFH YROWDJH DQG WKH '& VRXUFH
FRPSOLDQFHYROWDJHZDYHIRUPVIRUWKHSROH36:)60KDYLQJVLQJOH
OD\HU$&ZLQGLQJDWUSPSFXD SFXI :%/$&LG 
)LJ  5DWHG RQORDG '& ZLQGLQJ FXUUHQW RI WKH SROH 36:)60
KDYLQJVLQJOHOD\HU$&ZLQGLQJDWUSP&XUUHQWVRXUFHRXWSXWLV$
RIZKLFKWKHFRPSOLDQFHYROWDJHLV9SFXD SFXI :%/$&LG )LUVWO\ LI WKH FRPSOLDQFH YROWDJH RI WKH '& FXUUHQW
VRXUFH LV8GFF 9 LWZLOOEHVPDOOHU WKDQ WKHUHTXLUHG'&
VRXUFH YROWDJH ZLWKLQ VRPH URWRU SRVLWLRQ UDQJHV LH
8GFFYORDG,Z5Z DV VKRZQ LQ )LJ  7KLV PHDQV WKH '&
SRZHUVXSSO\ZLOODEUXSWO\VWRSEHLQJDFXUUHQWVRXUFHZKHQ
WKH PDFKLQH RSHUDWHV DW WKHVH URWRU SRVLWLRQV )RU VRPH
FRPPHUFLDO '& SRZHU VXSSOLHV WKH\ ZLOO VZLWFK IURP




































,Z $ ,D $
,Z $ ,D $
,Z $ ,D $






















































FXUUHQW PRGH DQG YROWDJH PRGH IRU WKH FXUUHQW VRXUFH LV
LQVWDQWDQHRXV WKH UHVXOWHG'& ZLQGLQJFXUUHQWE\ FRQVWDQW
YROWDJHPRGHLQWKHVHURWRUSRVLWLRQUDQJHVFDQEHVKRZQDV
WKH EOXH VROLG OLQH LQ )LJ  7KHUHIRUH WKH DFWXDO '&
ZLQGLQJ FXUUHQW LV VKRZQ LQ )LJ  DV WKH UHG GDVK OLQH







LV HYHQ KLJKHU WKDQ WKH FRPSOLDQFH YROWDJH 8GFF DW D KLJK







)RU WKLV FDVH WKH FORVHGORRS FXUUHQW FRQWURO LV XVXDOO\
LPSOHPHQWHGWRDFKLHYHDVWDEOHFXUUHQWLQWKH'&ZLQGLQJ




+RZHYHU D PRUH VWDEOH '& ZLQGLQJ FXUUHQW LZ FDQ EH
REWDLQHG LI WKH '& ZLQGLQJ LQGXFHG YROWDJH YORDG LV
FRQVLGHUHG DV D GLVWXUEHG YROWDJH DV VKRZQ LQ )LJ E





URWRU VSHHG ZLOO EH OLPLWHG IRU D FHUWDLQ '& ZLQGLQJ EXV
YROWDJH 8GF GXH WR WKH H[LVWHQFH RI '& ZLQGLQJ LQGXFHG
YROWDJH 2Q WKH RWKHU KDQG D UHYHUVH RXWSXW YROWDJH IURP





E:LWKWKHRQORDG'&ZLQGLQJLQGXFHGYROWDJHYORDG)LJ  &RQWURO GLDJUDP IRU '& ZLQGLQJ FXUUHQW ZLWKRXW DQG ZLWK
FRQVLGHUDWLRQRIWKHRQORDG'&ZLQGLQJLQGXFHGYROWDJHYORDG
9,,, &21&/86,21
,Q WKLVSDSHU WKH LQIOXHQFHRI'&ZLQGLQJFRQILJXUDWLRQ
LQFOXGLQJWKH'&FRLOQXPEHU1ZDQGSDUDOOHOEUDQFKQXPEHU
E RQ '& ZLQGLQJ LQGXFHG YROWDJH SXOVDWLRQ LQ :)60
PDFKLQHV LV LQYHVWLJDWHG 7KH '& ZLQGLQJ FRQILJXUDWLRQ
GHVLJQLVUHVWULFWHGGXHWRLWVLQGXFHGYROWDJHSXOVDWLRQ7KH
IHDVLEOHDQGSUHIHUUHG'&ZLQGLQJFRQILJXUDWLRQIRUYDULRXV
VWDWRUURWRUSROH FRPELQDWLRQV ZLWK GRXEOH OD\HU RU VLQJOH
OD\HU $& ZLQGLQJV DUH REWDLQHG 7KH IROORZLQJ GHVLJQ
UHFRPPHQGDWLRQVIRU:)60VDUHPDGH
 ,Q :)60V ZLWK /&01V 1U/&01V 1U LW LV
UHFRPPHQGHG WRGHVLJQ1Z 1VEXWQRW1Z 1V IRUD
VPDOOHURSHQFLUFXLW'&ZLQGLQJLQGXFHGYROWDJHUDWLR
,95RSHQ +RZHYHU LQ :)60V ZLWK /&01V




IUHH WR GHVLJQ EXW ZLWK D PD[LPXP IHDVLEOH YDOXH
EPD[ 1Z1U/&01Z 1U GXH WR WKH GLIIHUHQW LQGXFHG
YROWDJHV DPRQJ '& FRLOV 2WKHUZLVH FLUFXODWLQJ
FXUUHQWVDPRQJ'&FRLOVZLOOEHJHQHUDWHGLQFUHDVLQJ
WKHFRSSHUORVVDQGGHFUHDVLQJWKHHIILFLHQF\
 :)60V KDYLQJ QRQ]HUR ZLQGLQJ IDFWRUV RI HYHQ
RUGHUVKDUPRQLFVLHNPDUHQRWUHFRPPHQGHGGXH
WRWKHKLJKHURQORDG'&ZLQGLQJLQGXFHGYROWDJHYORDG
FDXVHG E\ WKH NWK N « KDUPRQLFV ZKLFK ZLOO
FKDOOHQJH WKH '& SRZHU VXSSO\ PRUH DQG GHWHULRUDWH
WKHFRQWUROSHUIRUPDQFHPRUH
$33(1',;$
7KH RSHQFLUFXLW LQGXFHG YROWDJH YNBRSHQ IRU WKH '& FRLO
:NFDQEHH[SUHVVHGDVݒ௞ ?௢௣௘௡ሺߠ௘ሻ ൌ ෍ ௖ܰܯ௝ߗൣ ݆ሺߠ௘ െ ߚ௞ሻ ൅ ߙ௝൧ஶ௝ୀଵ  $





ZLWK VDPH PDJQHWLF ILHOG KDYLQJ GLIIHUHQW '& ZLQGLQJ
FRQILJXUDWLRQV ȍ LV WKH URWRU PHFKDQLFDO VSHHG ȕN LV WKH
IXQGDPHQWDOHOHFWULF ODJDQJOHEHWZHHQ WKH'&FRLO:N DQG
:ZKLFKFDQEHJLYHQE\ߚ௞ ൌ  ?ሺ݇ െ  ?ሻߨ ௥ܰܰ௪  $$FFRXQWLQJ IRU WKH SDUDOOHO EUDQFK QXPEHU E WKH RSHQ
FLUFXLW'&ZLQGLQJLQGXFHGYROWDJHYRSHQFDQEHJLYHQE\ݒ௢௣௘௡ሺߠ௘ሻ ൌ  ?ܾ෍ ݒ௞ ?௢௣௘௡ሺߠ௘ሻேೢ௞ୀଵ  $6XEPLWWLQJ $  DQG $  WR $  YRSHQ FDQ EH
UHZULWWHQDVݒ௢௣௘௡ሺߠ௘ሻ ൌ ௖ܰߗܾ ෍ ܯ௝ ෍ ሺ݌݇ ൅ ݍሻேೢ௞ୀଵஶ௝ୀଵ  $
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ǻLZ XZ LZXZ
 YORDG
 
෍  ݌݇ேೢ௞ୀଵ ൌ  ܰ௪݌ ? ݌ ?  ሺܰ௪ ൅  ?ሻ݌ ?  $DQG ෍  ݌݇ேೢ௞ୀଵ ൌ  ܰ௪݌ ? ݌ ?  ሺܰ௪ ൅  ?ሻ݌ ?  $WKHUHIRUHݒ௢௣௘௡ሺߠ௘ሻ ൌ ௖ܰߗܾ ෍ ܯ௝  ܰ௪݌ ? ݌ ?  ቈݍஶ௝ୀଵ൅ ሺܰ௪ ൅  ?ሻ݌ ? ቉ $
6XEPLWWLQJ $  DQG $  WR $  YRSHQ FDQ EH
H[SUHVVHGDVݒ௢௣௘௡ሺߠ௘ሻൌ ௖ܰߗܾ ෍ ܯ௝  ݆ ௥ܰߨ ݆ ௥ܰߨܰ௪  ൬݆ߠ௘ ൅ ݆ߨ ௥ܰܰ௪ ൅ ߙ௝
ஶ
௝ୀଵ െ ݆ߨ ௥ܰ൰ $
$V FDQ EH VHHQ IURP $  YRSHQ  XQOHVV VLQ
M1Uʌ1Z LHM1U1ZLVDQLQWHJHU+HUH ୱ୧୬௝ேೝగேೢ ՜଴  ݆ ௥ܰߨ ݆ ௥ܰߨܰ௪ ൌ  ݆ ௥ܰߨ ݆ ௥ܰߨܰ௪ ܰ௪ ൌ േܰ௪ $6LQFHM1U1ZLVDQLQWHJHUMFDQEHJLYHQE\݆ ൌ ݉ ܮܥܯሺܰ௪ ǡ ௥ܰሻ௥ܰ  $ZKHUH/&0LVWKHOHDVWFRPPRQPXOWLSOLHUDQGP «




EHH[SUHVVHGDV߰௔௥௠௔ሺߠ௘ሻ ൌ ܰ௪ ௖ܾܰ ܯ௪௔ሺߠ௘ሻ݅௔ሺߠ௘ሻ൅ ܰ௪ ௖ܾܰ ܯ௪௕ሺߠ௘ሻ݅௕ሺߠ௘ሻ൅ ܰ௪ ௖ܾܰ ܯ௪௖ሺߠ௘ሻ݅௖ሺߠ௘ሻ %ZKHUH1Z1F0ZDE1Z1F0ZEEDQG1Z1F0ZFEDUHWKHPXWXDO









SLWFK IDFWRU DQG GLVWULEXWLRQ IDFWRU RI WKH ZLQGLQJV
UHVSHFWLYHO\>@
7KH SKDVH V\PPHWULFDO VLQXVRLGDO SKDVH FXUUHQWV LD LE
DQGLFFDQEHJLYHQE\
ۖەۖ۔
ۓ݅௔ ൌ ܫଵሺߠ௘ ൅ ߪଵሻ݅௕ ൌ ܫଵሺߠ௘ ൅ ߪଵ െ  ? ?ߨሻ݅௖ ൌ ܫଵሺߠ௘ ൅ ߪଵ ൅  ? ?ߨሻ %ZKHUH , DQG Ȗ DUH WKH IXQGDPHQWDO DPSOLWXGH DQG LQLWLDO
SKDVHUHVSHFWLYHO\
%DVHG RQ %  %  DQG %  WKH '& ZLQGLQJ
YROWDJH LQGXFHGE\DUPDWXUH UHDFWLRQYDUPD FDQEH UHZULWWHQ
DV
5()(5(1&(6
>@ $ 0 (O5HIDLH 7 0 -DKQV DQG ' : 1RYRWQ\ ³$QDO\VLV RI
VXUIDFHSHUPDQHQWPDJQHWPDFKLQHVZLWKIUDFWLRQDOVORWFRQFHQWUDWHG
ZLQGLQJV´ ,((( 7UDQV (QHUJ\ &RQYHUV YRO  QR  SS 
0DU
>@ -&URVDQG39LDURXJH³6\QWKHVLVRIKLJKSHUIRUPDQFH30PRWRUV
ZLWKQRQRYHUODSSLQJ ZLQGLQJV´ ,((( 7UDQV (QHUJ\ &RQYHUV YRO
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